Context. Dust is expected to be ubiquitous in extrasolar planetary systems owing to the dynamical activity of minor bodies. Inner dust populations are, however, still poorly known because of the high contrast and small angular separation with respect to their host star, and yet, a proper characterisation of exozodiacal dust is mandatory for the design of future Earth-like planet imaging missions. Aims. We aim to determine the level of near-infrared exozodiacal dust emission around a sample of 42 nearby main sequence stars with spectral types ranging from A to K and to investigate its correlation with various stellar parameters and with the presence of cold dust belts. Methods. We use high-precision K-band visibilities obtained with the FLUOR interferometer on the shortest baseline of the CHARA array. The calibrated visibilities are compared with the expected visibility of the stellar photosphere to assess whether there is an additional, fully resolved circumstellar emission source. Results. Near-infrared circumstellar emission amounting to about 1% of the stellar flux is detected around 13 of our 42 target stars. Follow-up observations showed that one of them (eps Cep) is associated with a stellar companion, while another one was detected around what turned out to be a giant star (kap CrB). The remaining 11 excesses found around single main sequence stars are most probably associated with hot circumstellar dust, yielding an overall occurrence rate of 28 +8 −6 % for our (biased) sample. We show that the occurrence rate of bright exozodiacal discs correlates with spectral type, K-band excesses being more frequent around A-type stars. It also correlates with the presence of detectable far-infrared excess emission in the case of solar-type stars. Conclusions. This study provides new insight into the phenomenon of bright exozodiacal discs, showing that hot dust populations are probably linked to outer dust reservoirs in the case of solar-type stars. For A-type stars, no clear conclusion can be made regarding the origin of the detected near-infrared excesses.
Introduction
Debris discs, which are produced by the collisional grinding down of large rocky bodies, represent one of the most prominent signposts for planetary systems around main sequence stars. Nowadays, debris discs have been detected around hundreds of stars. These detections are mostly based on the reprocessing of stellar light by the disc, which produces excess emission in the system's spectral energy distribution (SED) at infrared and (sub-)millimetric wavelengths. Cold discs are more readily detectable than warm discs, because the far-infrared excess they produce generally overwhelms the stellar emission. Space-based missions, such as Spitzer and Herschel, have been particularly successful in this context, providing a robust statistical view on cold circumstellar dust around nearby main sequence stars (e.g., Trilling et al. 2008; Carpenter et al. 2009; Eiroa et al. 2013) . These surveys have shown that about 20% of solar-type stars are surrounded by cold dust discs with fractional luminosities similar to or higher than the expected integrated luminosity of our own Edgeworth-Kuiper belt. In contrast, warm, inner dust populations ("exozodiacal dust"), with grain temperatures of about 300 K or higher, are still poorly known. This only reflects the challenge that their detection generally represents.
While mid-infrared spectro-photometry can be used to detect and characterise particularly bright exozodiacal discs (e.g., Article number, page 1 of 21 arXiv:1307.2488v1 [astro-ph.SR] 9 Jul 2013 Beichman et al. 2005; Morales et al. 2011; Lisse et al. 2012) , resolved imaging is the tool of choice for studying these dust populations, since it allows the disc emission to be disentangled from the large stellar flux at near-to mid-infrared wavelengths. A few warm discs have been resolved by mid-infrared single-aperture imaging instruments, especially around A-and F-type stars (e.g., Moerchen et al. 2007 Moerchen et al. , 2010 . The statistical aspect of resolved exozodiacal dust populations has, however, only been tackled using interferometry so far, in particular in the mid-infrared domain using the Keck Interferometer Nuller (KIN, Millan-Gabet et al. 2011) . Although the statistical value of the sample remains modest, with only 25 stars observed, the mean exozodi level in the KIN study could be constrained to be < 150 zodis 1 at 3σ. Despite this pioneering study, the occurrence of exozodiacal discs as a function of spectral type, age, and other stellar parameters mostly remains unknown.
The present study aims to significantly increase our grasp of the statistical aspects of exozodiacal discs around nearby main sequence stars, in an attempt to improve our understanding of their origin and evolution. In particular, we aim to study the occurrence of exozodiacal discs as a function of spectral type and age, and as a function of the presence of detectable dust reservoirs in the outer parts of the planetary system. Our study is based on the use of high-precision near-infrared interferometry, which provides a way to identify extended emission within the first astronomical units (AU) around nearby main sequence stars (Sect. 2). A magnitude-limited sample of 42 stars with spectral types ranging from A to K was built for this specific purpose (Sect. 2) and was observed at the CHARA array using the FLUOR beam-combiner (Sect. 3). Some of the early results of this survey have already been presented in previous papers, including the first two of this series: Di Folco et al. (2007, hereafter Paper I) and Absil et al. (2008, hereafter Paper II) . The comparison of our observations with simple stellar models provides a direct estimation of the flux ratio between the circumstellar environment and the photosphere of the star at K band (Sect. 4). Several detections are identified, and the results are discussed both on an individual basis (Sect. 4) and in a statistical way (Sect. 5), providing the first statistical study of the circumstellar environment of main sequence stars in the near-infrared. Based on the results of the statistical analysis, possible origins of the detected near-infrared excesses are finally discussed in Sect. 6.
Methodology and stellar sample
The principle of debris disc detection by stellar interferometry is based on the fact that stellar photospheres and circumstellar dust discs have different spatial scales. As discussed previously (Paper I; Paper II), a circumstellar emission with uniform surface brightness filling the interferometric field-of-view creates a drop in the measured squared visibility compared to the expected visibility of the star:
where V 2 and V 2 are respectively the squared visibility of the star-disc system and of the stellar photosphere, b is the interferometer baseline length, and f CSE 1 is the flux ratio between the integrated circumstellar emission within the field-ofview and the stellar photospheric emission. Due to the expected faintness of the circumstellar emission ( f CSE 1%), detection needs high accuracy both on the measured V 2 and on the estimation of the squared visibility V 2 of the photosphere. The former condition is met by state-of-the-art near-infrared singlemode interferometers, while the latter can be ensured to a large extent by performing the observations at short baselines, where the star is mostly unresolved. The stellar visibility is then close to one and depends weakly on the photospheric model (including the diameter).
Two main sources of errors are encountered in stellar interferometry: statistical errors, which are related to the detection process, and systematic errors, associated with the calibration of the squared visibilities. The contribution of the former to the overall signal-to-noise ratio decreases as N −0.5 , with N the number of statistically independent observations of the same star, while the contribution of the latter can be minimised by using several different calibrator stars in the calibration process. Using this strategy, we have already demonstrated in previous studies that the disc/star flux ratio can be measured with sub-percent accuracy.
Stellar sample
To carry out an exozodiacal disc survey with such an observing method requires the interferometric instrument to be used in a regime where it delivers its highest accuracy. In the case of the FLUOR interferometer at the CHARA array (Coudé du Foresto et al. 2003) , the highest accuracy can be reached for near-infrared magnitudes up to K 4. Besides this sensitivity limit and the observability from Mount Wilson (dec > −16
• for transit at least 40
• above horizon), the other target selection criteria are mostly related to the main goals of the survey. First, we limited our sample to luminosity classes IV and V, and tried to balance our stars between the three spectral categories of interest: A, F, and G-K (taken together). Second, because we are interested in the correlation between hot and cold dust populations, we chose a similar quantity of stars known to harbour outer dust reservoirs and stars without any detected dust within the sensitivity of the Spitzer and Herschel far-infrared space missions. (We also relied on earlier results from the IRAS and/or ISO missions for three stars in our sample.) Here, we denote "outer reservoir" to be any dust located beyond a few AU from its host star, detected at mid-to far-infrared wavelengths. In practice, some of the outer dust reservoirs are actually rather warm, with temperatures up to a few hundred Kelvin. These populations are, however, too cold to produce any significant thermal emission at K band. Third, we removed from our sample tight binary stars with separations < 5 , which may not only affect our observations by creating excess emission within the field-of-view, but also bias our survey by cleaning up the inner system of dust due to gravitational interactions. For this reason, we removed from our sample the eclipsing binary star alf CrB, which was observed during an eclipse in Paper II. Last, we tried to include stars of various ages, ranging between about 100 Myr for the youngest ones (in order not to include the late phases of planet formation) and several Gyr for the oldest ones. Most of the stars younger than 1 Gyr in our sample are, however, of spectral type A; only four FGK stars have ages < 1 Gyr.
Based on the data available to us at this time (April 2013), including early information from the Herschel/DUNES and DE-BRIS surveys (Eiroa et al. , 2013 Matthews et al. 2010 ), a total of 28 main sequence stars with outer dust reservoirs match our selection criteria, among which 11 A-type, 11 F-type, and 6 GK-type stars. Our final sample could therefore contain up to 56 stars, by adding a similar number of stars without outer Table 1 . Main parameters of the selected targets: name, HD number, spectral type, distance, V and K magnitudes, rotational velocity, estimated limb-darkened diameter, apparent oblateness, measured limb-darkened diameter (if available), and age. The 1σ errors are given in superscript. Notes. The V magnitudes are taken from Simbad or Kharchenko & Roeser (2009) , and the v sin i from the catalogues of Royer et al. (2007) , Valenti & Fischer (2005) , Reiners (2006) and Martínez-Arnáiz et al. (2010) , except in the cases of kap CrB (from Johnson et al. 2008) , alf Lyr (from Monnier et al. 2012) , alf Aql (from Monnier et al. 2007 ) and alf Cep (from Zhao et al. 2009 ).
(a) Geometric mean of the minor and major axes of the projected elliptical photosphere. (b) References are given for the K-band magnitude, the measured diameter and the age, using the notations here below. References. (A89) Arribas & Martinez Roger (1989) ; (A91) Aumann & Probst (1991) ; (A08) Absil et al. (2008) ; (A09) Akeson et al. (2009) ; (A13) this work; (B79) Blackwell et al. (1979) ; (B96) Baliunas et al. (1996) ; (B08) Baines et al. (2008) ; (B12) Boyajian et al. (2012) ; (C06) Christou & Drummond (2006) Table 2 . The belonging to the "outer reservoir" category (also referred to as the "dusty" category hereafter for the sake of conciseness) is based on the literature, as described in Table 3 , where mid-to far-infrared excess (non-)detections are listed for all target stars. Some stars were originally observed in our survey as part of the dusty category, but finally turned out to have no detectable outer reservoir based on new far-infrared observations (due e.g. to source confusion in IRAS or ISO data), explaining in part the imbalance between the dusty and non-dusty samples.
As far as dusty targets are concerned, we consider our final sample to be representative of the magnitude-limited 28-star sample defined above, since more than half of the targets with outer dust reservoir were observed in each of the A, F, and GK spectral type categories. However, we cannot make certain that this is also the case for non-dusty targets: if we consider in our non-dusty master sample all those stars shown by the Spitzer and Herschel missions not to have any detectable amount of outer dust, only about 25% (A and F stars) to 40% (GK stars) of the available stars were observed within this survey. For instance, it could turn out that, by (lack of) chance, the five non-dusty A-type stars that we have observed have specific characteristics that are not representative of the ∼ 20 non-dusty A-type stars matching our selection criteria. Although we tried to avoid such a bias as much as possible, this is a limitation to the present survey directly related to the small number of targets in the observed sample, which can only be addressed by extending the sample. This can be done in two different ways, which are both being pursued: (i) fainter stars in the northern hemisphere will be made accessible thanks to an ongoing major refurbishing of the FLUOR instrument, and (ii) a hundred more stars are being observed in the southern hemisphere with the PIONIER instrument at VLTI . In the present paper, we only consider targets observed in a homogeneous way with one single instrument (CHARA/FLUOR) whose characteristics have not changed during the whole survey, and purposely discard other recent studies conducted with other near-infrared interferometers, such as for Fomalhaut ) and bet Pic (Defrère et al. 2012 ).
Stellar diameters and photospheric model
Our photospheric model, consisting in an oblate limb-darkened disc, was thoroughly described in Paper II. For the present study, limb-darkened diameters were estimated for all our target stars using surface-brightness relationships (SBR, Kervella et al. 2004 ), which provide a sufficient accuracy for our purpose (see Paper II). Robust diameter estimation with these relationships requires using accurate visible and near-infrared magnitudes. Because all our stars are saturated in the 2MASS cata- Notes.
(a) Fractional luminosity of the cold debris discs, or 3σ (farinfrared) upper limit when no dust is detected.
(b) Wavelength range at which the excess is detected (mid: 10 − 35 µm, far: > 60 µm).
(c) No excess in Spitzer/MIPS 24 and/or 70 µm photometry (G. Bryden, pers. comm.) .
(d) The IRAS excess reported by Rhee et al. (2007) is due to a nearby background galaxy (G. Bryden, pers. comm.) . Our SBR diameter estimations were checked against diameter measurements from long-baseline interferometry, where available, generally showing consistency within 3σ at most. Only del Leo shows a significant discrepancy (> 3σ) between the estimated and measured diameters. We note, however, that for this particular star, two different interferometric studies do not give consistent results either: a limb-darkened diameter θ LD = 1.165 ± 0.022 mas is found by Akeson et al. (2009) based on CHARA/FLUOR data, while Boyajian et al. (2012) derived a diameter of θ LD = 1.328 ± 0.009 mas using CHARA/Classic. Our SBR diameter falls between these two measurements and will be used in the following analysis. In the other cases where a measured diameter is available, it is preferred to the SBR diameter for predicting the stellar visibilities. We note that using SBR diameters instead of measured ones would not significantly change the estimated disc/star flux ratios in our analysis.
We also derived the apparent oblateness ρ = θ max /θ min of all the photospheres based on the rotational velocities v sin i of the target stars and on the geometrical model presented in Paper II. The diameters given in Table 1 are the geometric mean of the maximum and minimum projected limb-darkened diameters, that is, the diameter of the equivalent spherical photosphere. In the following analysis, the actual projected shape of the photosphere is taken into account. In particular, in the (most frequent) cases where the position angle of the photosphere is not known, we take the full range of possible projected diameters along the observing baselines into account and fold it into the final error bars. The additional error is typically a few percent of the mean stellar diameter, and reaches 14% for the fastest rotator. Even in that case, the additional error remains modest compared to the statistical error on our measurements, since the star itself is mostly unresolved.
Exozodiacal disc model
The model that we have used to derive Eq. 1 consists in a star surrounded by a circumstellar emission with uniform surface brightness filling the whole field-of-view. (This model will be referred to as the "star-disc" model in the rest of the paper.) This model is probably not representative of exozodiacal discs in general, because it is unlikely that the circumstellar emission remains uniform on the FLUOR field-of-view, about 0 . 8 in diameter (see Sect. 3.1). However, Eq. 1 remains valid as long as the visibility associated to the circumstellar emission is equal (or very close) to 0; that is, the circumstellar emission is fully resolved at the considered baseline and observing wavelength. If the circumstellar emission was not fully resolved, it would reduce the visibility drop associated to a given excess emission level, thereby reducing the sensitivity of our observations to circumstellar emission. Furthermore, it would create modulations in the visibility curve as a function of spatial frequency, as illustrated in Fig. 9 of Absil et al. (2009) and in Fig. 4 of Defrère et al. (2011) .
To check whether exozodiacal discs are indeed expected to be fully resolved around our target stars, we computed the sublimation distance associated with silicate and carbonaceous material for various grain sizes using the GRaTeR radiative transfer code (Augereau et al. 1999 ) under the assumption of thermal equilibrium of the grains with the star and constant values of the sublimation temperature (1200 K for silicate and 2000 K for carbonaceous grains). This is illustrated in Fig. 1 for a representative target in our sample in terms of magnitude and spectral type: tet Per (F7V, K = 2.8). The sublimation diameter, i.e., twice the sublimation radius given in milliarcsec in Fig. 1 , must be com- pared to the angular resolution of our instrument: λ/2B 7 mas for a 34-m baseline and an effective observing wavelength of 2.13 µm. Figure 1 shows that if all the circumstellar emission was located at the sublimation radius of micron-size carbonaceous grains, its diameter would only be about 5 mas and would therefore not be fully resolved. However, all the models that we have developed so far to reproduce resolved near-infrared detections of exozodiacal dust (Defrère et al. 2011; Mennesson et al. 2013; Lebreton et al. 2013 ) have shown that most of the disc's thermal emission is produced at the sublimation distance of submicron grains, i.e., a region about 12 mas in diameter in the case of tet Per. We therefore expect that any dusty disc around tet Per would be fully resolved with FLUOR on the shortest baseline of the CHARA array.
The sublimation distance of silicate and carbonaceous grains was computed for all the stars in our sample. We checked that the assumption of a fully resolved exozodiacal disc is valid for most of our targets. In practice, only five stars could have a dominant emission zone significantly smaller than the angular resolution of our instrument: 54 Psc, 107 Psc, HD 69830, 61 Cyg A, and 61 Cyg B. These are five of the eight K-type stars in our sample. For these five stars, we estimate that, in the worst cases, we could lose up to a factor of 4 in sensitivity to exozodiacal dust. Because the sensitivity loss is strongly model-dependent, it cannot be properly taken into account when fitting the data with our star-disc model. Since it only affects five stars in our sample, we do not consider this effect as a major limitation in our analysis, but we note that we might slightly underestimate the occurrence rate of percent-level K-band excesses around latetype stars.
Observations and data reduction

Observing campaigns and strategy
Interferometric observations were obtained in the infrared K band (1.94 − 2.34 µm) with FLUOR, the Fiber Linked Unit for Optical Recombination (Coudé du Foresto et al. 2003) , using the shortest baseline of the CHARA Array formed by the S1 and S2 telescopes ( Each observing block (OB) consists in the acquisition of typically 150 scans of the interference fringes using a scanning mirror in one arm of the interferometer. The amplitude of the optical path difference modulation within a scan was 128 µm, with 300 frames recorded on the PICNIC detector during each scan, resulting in a sampling of five frames per fringe. The detector was read in a destructive mode, using a reset-read-read sequence. While less sensitive than the non-destructive read-out mode, this mode has a higher dynamic range and has been heavily tested in the past for high-accuracy applications.
Over the seven years of the survey, a total of about 500 OBs were obtained on our scientific targets, i.e., about 12 OBs per target in average. Each scientific OB was bracketed with calibration OBs, using calibrator stars from the catalogues of Bordé et al. (2002) and Mérand et al. (2005) . These calibrators are generally K-type giants with well-known diameters and no known companion. To reduce calibration-related biases as much as possible, we used at least three different calibrators for each scientific target. In practice, our observing strategy generally consisted in a sequence of three to four bracketed OBs (e.g., CAL1-SCI-CAL2-SCI-CAL3-SCI-CAL4) on a given scientific target before moving to another one. Obtaining a dozen bracketed OBs on a given scientific target generally requires the equivalent of one full observing night. The ratio between the number of targets observed (43 including alf CrB) and the total number of observing nights (98) is representative of our observing efficiency (∼ 44%), related to weather and technical down time.
The FLUOR field-of-view, limited by the use of single-mode fibres, has a Gaussian shape resulting from the overlap integral of the incoming turbulent wave fronts with the fundamental mode of the fibre. Its size depends on the atmospheric turbulence conditions. The estimation of the mean Fried parameter (r 0 ) provided by the CHARA Array during our observations (∼7 cm in the visible) allows us to derive a mean value of 0 . 8 for the full width at half maximum (FWHM) of the field-of-view. This parameter is sensitive to the actual atmospheric conditions and typically ranges between 0 . 7 and 1 . 2 for our observations. Because the large majority of our targets were observed during different nights under different seeing conditions, we will assume a fieldof-view of 0 . 8 (FWHM) for all of them.
Data reduction
The FLUOR Data Reduction Software (DRS, Coudé du Foresto et al. 1997; Kervella et al. 2004; Mérand et al. 2006 ) was used to extract the raw squared modulus of the coherence factor between the two independent apertures. The extraction of the squared visibilities from the fringe packets recorded in the time domain is based on integrating of the squared fringe peak obtained by a Fourier transform of the fringe packet (Coudé du Foresto et al. 1997) , or equivalently by a wavelet analysis . The interferometric transfer function of the instrument was estimated by observing calibrator stars before and after each observation of a scientific target. Calibrators chosen in this study are late G or K giants, whereas our target stars have spectral types between A0 and K7. Since the visibility estimator implemented in the FLUOR DRS depends on the actual spectrum of the target star, an appropriate correction must be applied to our data, otherwise our squared visibilities would be biased at a level of about 0.3% (Coudé du Foresto et al. 1997 ). This correction can be based either on the shape factors discussed by Coudé du Foresto et al. (1997) or on a wide band model for estimating the calibrator's visibilities and interpreting the data (see e.g. Kervella et al. 2003; Aufdenberg et al. 2006 ). The latter method was chosen for this work, and all the calculations presented here take a full model of the FLUOR instrument into account, including the spectral bandwidth effects.
A significant fraction of the collected OBs had to be discarded during the data reduction process, for various reasons related to weather or technical issues. In particular, we discarded OBs with too low signal-to-noise ratio in the fringes (generally due to poor seeing conditions producing a low coupling efficiency into the fibres), OBs affected by strong mechanical vibrations or unusual electronic noise, and OBs with large unbalance in the flux levels between the two arms of the interferometer. In a few cases, we also needed to discard sequences of OBs showing strong variability in the interferometric transfer function. This process resulted in selecting about 300 high-quality OBs out of the 500 original OBs for the 42 survey targets, i.e., an average of seven OBs per scientific target. The final number of OBs per star varies significantly from one star to the next, though, not only because of the number of times each star could be observed, but also because of the data selection process (some stars losing up to 75% of their OBs in the process, while other ones were not affected). The same selection criteria were applied to calibration OBs, resulting in a similar discard rate.
Results
We estimate the level of circumstellar emission within the FLUOR field-of-view by fitting to each data set a model consisting of an oblate limb-darkened photosphere surrounded by a uniform emission filling the whole field-of-view. 2 The only free parameter in this fit is the disc/star flux ratio (considering disc flux within the field-of-view only), while the photospheric diameter and oblateness are based on Table 1 and the linear limb-darkening coefficient is taken from the tables of Claret (2000) . 3 Although they are non-physical and can result in visibilities greater than one, negative values of the disc/star flux ratio were accepted and kept because their consideration is crucial in the statistical analysis. The results of the fitting procedure are given in Table 4 and illustrated in Fig. 2 , where squared visibilities are represented by different symbols depending on the year during which they were obtained. The stars already discussed in Paper I and Paper II are not included in Fig. 2 , because the results have not changed for these stars. Conversely, the three stars discussed in Akeson et al. (2009) have been further observed and/or re-analysed, so are included in Fig. 2 . In each plot, the expected visibility of the photosphere is represented by a blue shaded region, whose width takes both the uncertainty on the median photospheric diameter and on the position angle of the oblate apparent photosphere into account. We chose to display the squared visibilities as a function of hour angle in Fig. 2 for two main reasons: (i) the projected baseline length generally does not vary much on the north-south-oriented S1-S2 baseline of the CHARA array, and (ii) this allows easier diagnostics of possible binaries in our sample. Indeed, a (sub-)stellar companion within the field-of-view is expected to produce periodic variations in the squared visibility as a function of hour angle, on top of a global drop in the visibility level. Although the presence of a faint companion can generally not be rejected based O. Absil et al.: A near-infrared interferometric survey of debris disc stars Fig. 2 . Squared visibilities with error bars, expected photospheric squared visibility (blue shaded region) and best-fit star-disc model (solid line) with its 3σ confidence interval (dotted lines), plotted as a function of hour angle for all the targets not already presented in Paper I or Paper II. The best-fit disc/star contrast is given as an inset, together with the reduced χ 2 of the fit. The two error bars given on the disc/star contrast correspond to the statistical and systematic errors (see Sect. 4.1). Also given is the mean limb-darkened angular diameter used in the oblate photospheric model. The position angle (PA) of the oblate apparent photosphere is generally not known. This uncertainty is taken into account in the width of the blue line, except in the cases where the PA is known from previous studies (it is then specified in the inset). Different symbols are used for data taken in different years: circles (2006) on our interferometric data alone (see Paper II), a background object producing ∼ 1% of the photospheric flux within the 0 . 8 FLUOR field-of-view is highly unlikely around any of our target stars, as discussed in Paper I (where the probability is shown to be less than 10 −6 in the cases of tau Cet and eps Eri). We are therefore left with bound companions as the only possible origin of point-like source(s) within the FLUOR field-of-view.
Error bars and detection threshold
The final error bar σ f on the disc/star flux ratio is computed as the root square sum of two independent contributions: (i) the statistical error bar related to the statistical dispersion of the data points and (ii) the systematic error bar related to the uncertainty on the stellar model and on the calibrator diameters. The respective contributions of the two error bars are given as an inset in the outputs of the MPFIT routine in the IDL interpreted language (Markwardt 2009 ). In the cases where the reduced chi square (χ 2 r ) of the fit is larger than 1, we have considered that the statistical error bars on the individual data points could have been underestimated by the DRS. To prevent a possible underestimation of the final error bar on the star/disc contrast, the individual error bars were rescaled so that χ 2 r = 1. Our final error bars on the disc/star contrast can therefore be regarded as pessimistic. We note that most of the χ 2 r in our fits range between reasonable limits of ∼ 0.3 and ∼ 3. Only two stars show significantly higher χ 2 r , of 5.5 (bet Leo) and 13.8 (eps Cep). Four other stars show very low χ 2 r , 0.11 for eta Cas A and gam Ser, 0.13 for HD 69830, and 0.21 for ksi Boo. The reasons for these extreme values are discussed in Sect. 4.2.
In Fig. 3 , we plot the histogram of the significance level χ f = f CSE /σ f for all our excess measurements and compare it to a normal Gaussian distribution. This figure suggests that our measurements follow a bimodal distribution, with a set of non-detections more or less following a centred Gaussian distribution with a standard deviation of 1, and a set of detections located above χ f = 3. A slight offset in the peak of the no-excess distribution (mean significance of 0.58σ) suggests that an underlying population of non-significant excesses could be present. Alternately, the offset could be related to a small positive bias in our measurements. The most negative significance level in our sample is precisely χ f = −3.0, which confirms that events located outside the [−3, 3] interval most probably come from a true astrophysical signal rather than noise. A standard 3σ detection threshold is therefore considered as appropriate for our sample, corresponding to a probability of 0.27% to be drawn from a Gaussian distribution with zero mean. To take the possible positive bias in our measurements into account, we add 0.58σ to the standard 3σ detection threshold, resulting in a formal threshold at 3.58σ. Events with significance levels between 3 and 4 will generally be treated with care, on an individual basis. 
Discussion of individual targets
Here, we discuss some interesting or peculiar targets individually in a more detailed way. Among others, a short discussion is given for all the significant excess detections, including the possible presence of a faint point-like companion within the FLUOR field-of-view as the source of the measured excess. Ancillary data obtained as follow-up of excess detections are also presented here.
eta Cas A (HD 4614). The fit to our data set yields a very low χ 2 r (= 0.11) in this case, for which we have no convincing explanation. The most probable cause is a combination of overestimated error bars and chance alignment of these high-quality data points (obtained under excellent seeing conditions) along the best-fit model.
ups And (HD 9826). The measured disc/star flux ratio (0.53 ± 0.17%) is at the limit of significance (χ f = 3.0). The level of circumstellar excess is significantly less than most of the other detections, which have flux ratios generally around 1% or larger.
Taking the slight shift in the distribution of non-excess stars with respect to χ f = 0 into account, we therefore consider this as a non-detection, even though the measured excess seems robust to DRS parameters, and the data set is of good quality (despite the relatively large χ 2 r ).
tau Cet (HD 10700). This detection was first published in Paper I. Since then, we have confirmed that the excess emission is not related to the presence of a close companion, using closure phase measurements obtained with the VLTI/PIONIER instrument . The K-band excess must therefore be associated with an extended source around the star.
10 Tau (HD 22484). This is one of our most significant detections (χ f = 11), thanks to an excellent data quality that allowed us to reduce the uncertainty on the disc/star flux ratio down to 0.11%. The absence of large fluctuations in the squared visibilities, combined with the absence of radial velocity variations (Nidever et al. 2002) , suggest that the measured excess is not associated with a point-like companion. The low residuals and excellent χ eta Lep (HD 40136) . This star shows a K-band excess of 0.89 ± 0.21%. This is the only excess detection around a single main sequence star for which a published direct diameter measurement was not available. To confirm the validity of our SBR diameter, we obtained additional long-baseline observations with the FLUOR interferometer. Two OBs were obtained on the long CHARA S1-W1 baseline (278 m) on 28 October 2008 under excellent seeing conditions. Calibration was performed with interleaved observations of K giants from the catalogue of Mérand et al. (2005) . A limb-darkened photosphere was then fitted to the data, using the linear limb-darkening coefficient found in Claret (2000) . The result is shown in Fig. 4 , with a bestfit diameter θ LD = 1.044 ± 0.011 mas. This diameter was then used as a reference for the analysis of short-baseline data. The short-baseline data are of good quality and do not show any evident sign of a point-like companion. Combined with the radial velocity stability of this star (Lagrange et al. 2009 ), we conclude that the detected excess most probably originates in an extended circumstellar source, although no definitive conclusion can be given regarding the (point-like or extended) nature of the excess.
lam Gem (HD 56537). This star, showing a 4.3σ detection ( f CSE = 0.74 ± 0.17%), is somewhat peculiar, because it is one of the very few stars in our sample where the angular diameter based on surface-brightness relationships (0.65 ± 0.08 mas) largely differs from the measured angular diameter based on long-baseline interferometric observations (θ LD = 0.835 ± 0.013 mas, Boyajian et al. 2012 )-although this difference is within 3σ. In the context of our survey, we performed additional long-baseline visibility measurements on 28 October 2008 using the FLUOR beam-combiner on one of the longest CHARA baselines (S1-W1, 278 m). The three OBs obtained on this baseline yield an angular diameter θ LD = 0.807 ± 0.018 mas, which confirms the Boyajian et al. (2012) diameter within error bars. In our circumstellar excess analysis presented above ( Fig. 2 and Table 4), we used the Boyajian et al. (2012) diameter. Using the SBR diameter would increase the detected excess to 0.91 ± 0.18% (within 1σ of our final result). Another peculiarity is that, based on lunar occultations (Dunham 1977) , this star was suggested to have a faint companion, which would be much closer than the faint visual companion imaged at 9 . 7 (De Rosa et al. 2011 ). This close-in companion was not confirmed by some other high-angular resolution studies (Richichi et al. 1996; Tokovinin et al. 2010; Moerchen et al. 2010) . The long-baseline data obtained by Boyajian et al. (2012) and in the present paper do not support the binary hypothesis either, as in both cases the visibilities seem to nicely follow a single limbdarkened disc model. Furthermore, radial velocity observations of lam Gem revealed the absence of companions at short orbital periods down to a few Jupiter masses (Lagrange et al. 2009 ). We therefore conclude that the significant K-band excess detected in our data is most probably associated with an extended circumstellar structure.
HD 69830. The low χ 2 r (= 0.13) in the fit of this data set is due to the very small amount of data points and to the large error bars on individual points, which are directly related to the faintness of the source.
del Leo (HD 97603). This target was originally used as a check star in the study of Akeson et al. (2009) . No additional data was obtained on this target within our survey, so that we only use here the three already published visibilities to assess the disc/star flux ratio. The poor quality of this data set leads to a very large uncertainty on the circumstellar emission (σ f = 0.77%). We note that the limb-darkened diameters published by Akeson et al. (2009) and Boyajian et al. (2012) are not at all in agreement for this target (1.166 ± 0.022 mas versus 1.328 ± 0.009 mas, see Sect. 2). This discrepancy could be (partly) due to the non-negligible oblateness of the photosphere (ρ = 1.11). In our analysis, we used the SBR diameter (1.223 ± 0.017 mas), which falls in between the two interferometric measurements. Our model takes into account the unknown position angle of the photosphere on the sky, which explains the width of the photospheric model in Fig. 2 for this star. Choosing one of the two interferometric diameter estimations would not have changed the final conclusion concerning this target, i.e., the absence of significant circumstellar excess emission.
bet Leo (HD 102647). This target was already shown by Akeson et al. (2009) to have a significant K-band excess, based on 2006 FLUOR data. We have expanded this data set, with additional data collected in 2009. A fit to the entire data set confirms the detection, although with a reduced magnitude of the excess and a significance just above our formal detection threshold of 3.58σ. Our fit also features a large χ 2 r (= 5.5) for a reason that is not well understood. Individual data points seem indeed of good quality, although the 2009 data set (represented by squares in Fig. 2 ) is affected by fluctuations in the photometric balance, which could lead to an underestimation of the error bars in the DRS. Nevertheless, the final result is robust to DRS parameters and the significance well above 3, so that we consider the excess detection to be significant. Because the variability seen in the squared visibility could be associated with a point-like companion, we performed dedicated aperture masking observations with the 18-hole mask within the NIRC2 camera on the Keck-II telescope. Observations were obtained in the K band on 1 June 2009 behind the Keck AO system (see Tuthill et al. 2006 , for details about AO-assisted aperture masking). No closure phase signal was detected in these observations, and we derived upper limits on the contrast of possible companions using the same method as in Lacour et al. (2011) . The results are summarised in Table 5 , and show that companions with flux ratios larger than 1% cannot be located in the 20-320 mas region. At larger angular separation, adaptive optics imaging has shown the absence of companions around bet Leo with a dynamic range of at least 5 magnitudes on the companion contrast at K band (Leconte et al. 2010; De Rosa et al. 2011) . Combined with the absence of radial velocity variations (Lagrange et al. 2009 ) to cover shorter angular separations, these results strongly suggest that the circumstellar excess is associated with an extended source. Further interferometric observations are needed to assess whether the high χ 2 r could be due to variability in the excess.
ksi Boo (HD 131156) . This target shows a relatively small χ 2 r , which points towards an overestimation of the error bars. The significance of the detected excess (χ f = 3.7, one of the smallest among the "significant excess" category) can therefore be considered as pessimistic. We also note that the measured excess is robust with respect to DRS parameters, which gives us a high confidence in its detection. Being a very nearby G-type star, ksi Boo has been searched for the presence of companions by various radial velocity survey programs over long periods of time (e.g., Wittenmyer et al. 2006) , showing the absence of Jupitersized companion with orbital periods up to about 10 years. Such period corresponds to an orbital semi-major axis around 5 AU, i.e., an angular distance of about 0 . 75, thereby covering most of the FLUOR field-of-view. Together with the stability of the measured visibilities as a function of hour angle, this suggests that the detected excess is associated with an extended circumstellar emission. The low residuals and excellent χ 2 r in the fit of a limb-darkened stellar model to the long-baseline observations of Boyajian et al. (2012) also point towards the absence of a nearby faint companion. A definitive conclusion can, however, not be given concerning the (point-like or extended) nature of the excess.
kap CrB (HD 142091). This is one of the six stars in our sample with a luminosity class IV (i.e., classified as a sub-giant), but the only one to have significantly moved away from the main sequence track. Indeed, with its mass of 1.8M , kap CrB was originally an A-type star (Johnson et al. 2008) . Its evolutionary status has almost reached the base of the red giant branch, although its linear diameter is only about 5 time larger than the Sun's. It is orbited by a Jupiter-sized planet at 2.6 AU and most probably by another low-mass companion on a longer orbital period, whose mass and orbital parameters are not precisely known ). Here, we detect a significant K-band excess of 1.18%±0.19%, which we associate most likely with an extended emission owing to the absence of fluctuations in the measured visibilities. The possibility that the K-band excess is associated with a low-mass companion located within the FLUOR fieldof-view can, however, not be excluded, since the high-contrast adaptive-optics images obtained by do not cover the region within 0 . 3. Because kap CrB is close to the red giant branch, our FLUOR observations could trace different dust populations or physical phenomena than for the rest of our sample. Therefore, we will exclude kap CrB from the statistical study of Sect. 5 (which focuses specifically on main sequence stars).
gam Ser (HD 142860). As for HD 69830, the very low χ 2 r (= 0.11) obtained when fitting this data set is due to the small number of data points and to the large error bars. mu Her (HD 161797). Although the detection has a formal significance χ f = 3.1, this target will be classified in the nondetection category for two reasons. First, the data are mostly of mediocre quality, and show a relatively large χ 2 r . Second, this is one of the rare stars for which the final result depends significantly on the DRS parameters and on OB selection process. Indeed, small changes in the standard DRS parameters will often lead to significances below 3σ for the excess. This behaviour can be related to the fact that the best fit is mostly constrained by the two right-most data points in the plot (see Fig. 2 ), which are not in good agreement with each other.
alf Lyr (HD 172167). The detection of a near-infrared circumstellar excess around Vega was first presented by Absil et al. (2006) , and then confirmed at H band by Defrère et al. (2011) . In these papers, it was argued that the origin of the excess is most probably associated with an extended emission. This is now backed up by the absence of closure phase signal in the MIRC data set obtained by Monnier et al. (2012) at the CHARA array.
110 Her (HD 173667). A circumstellar emission is detected at 3.8σ around this star. The data quality is good and the presence of the excess is robust to the DRS parameters, so that we are confident in adding this star to the near-infrared excess category. The absence of large fluctuations in the squared visibilities, combined with the absence of radial velocity variations (Nidever et al. 2002) , suggest that the measured excess is not associated with a point-like companion. The low residuals and excellent χ 2 r in the fit of a limb-darkened stellar model to the long-baseline observations of Boyajian et al. (2012) also point towards the absence of a nearby faint companion. A definitive conclusion can, however, not be given concerning the (point-like or extended) nature of the excess.
zet Aql (HD 177724). The detection of a significant circumstellar excess (1.69%±0.31%) around zet Aql was already described in Paper II. In that paper, it was argued that the excess could be due to an M-type main sequence companion. Since then, we obtained closure phase measurements with the MIRC interferometer at the CHARA array. Two observations of zet Aql were obtained on 16 and 17 August 2010, using MIRC on a 4T configuration in the H band with a low spectral dispersion. Calibration was performed with bracketing observations of gam Lyr, sig Cyg, and/or eps Aql. The data were reduced with the standard MIRC pipeline (Monnier et al. 2007) , making use of simultaneous photometric measurements to enhance data quality (Che et al. 2010) . We then applied a closure phase analysis similar to the one described by Absil et al. (2011) , and found a 3σ upper limit ranging between 1% and 2% (at 90% completeness) on the contrast of any companion located between 1 mas and a 200 mas (∼ 5 AU), as illustrated in Fig. 5 . Beyond this angular separation, the sensitivity to companions degrades significantly owing to the poor coupling of off-axis sources into single-mode fibres. The MIRC observations mostly rule out the presence of a faint companion as the source of the near-infrared excess around zet Aql up to a distance of about 5 AU, although it cannot be excluded that a faint companion hides in the parts of the search region where the MIRC sensitivity is larger than 1.69%. We cannot exclude either that the companion colours are extremely red (e.g., contrast lower than 1% at H band while it is of 1.69% at K band). These two possibilities are, however, considered as unlikely. It was shown in Paper II that companions beyond 8 AU can also be ruled out, thanks to high-contrast adaptive optics observations obtained with CFHT/PUEO. This reduces the possible location of a companion to the 5-8 AU region. Recent observations with the Keck Interferometer Nuller (KIN) show that a companion accounting for ≥ 1% of the photospheric flux in the mid-infrared is not likely in that region either, although KIN observations are not sensitive in all parts of the field-of-view because of the nulling instrument transmission pattern (B. Mennesson et al., in prep.) . We conclude that the detected circumstellar excess is most likely associated with an extended emission.
alf Aql (HD 187642). The oblate limb-darkened stellar model that we use for Altair was derived from the works of Peterson et al. (2006) and Monnier et al. (2007) . It does not take into account the details of the intensity map derived by means of interferometric image reconstruction in Monnier et al. (2007) , but is sufficiently realistic in order not to significantly bias the estimation of the disc/star flux ratio at short baselines. The observations show a very significant drop in visibility, leading to an estimated disc/star flux ratio of 3.07% ± 0.24%, the largest in our sample. We are confident that this circumstellar excess is not related to a faint companion, because its signature would have prominently shown up in the closure phases obtained at long baselines by Peterson et al. (2006) and Monnier et al. (2007) . Indeed, when the visibility is close to zero (as was the case in these studies), the effect of a faint off-axis companion is strongly enhanced in the closure phases (Chelli et al. 2009 ). The excess emission is thus most probably associated with an extended circumstellar source. Assessing whether the detected K-band excess is related to the marginal detection of a mid-infrared excess using the Keck Interferometer Nuller (Millan-Gabet et al. 2011 ) is beyond the scope of the present paper.
61 Cyg A&B (HD 201091, HD 201092) . The data used here were first presented in Kervella et al. (2008) , where the circumstellar environment was not discussed. We re-reduced and recalibrated this data set to reach the best possible accuracy and robustness on the disc/star flux ratio. No excess emission is found around either star. alf Cep (HD 203280). The oblate limb-darkened photospheric model used for this star is derived from the interferometric observations and modelling of Zhao et al. (2009) . The excess emission at K band found around this star is most probably related to an extended circumstellar emission, since, following the same argument as for alf Aql, no hint for a faint companion was found in the long-baseline closure phase measurements of Zhao et al. (2009) .
eps Cep (HD 211336). This target features the largest χ 2 r (= 13.8) in our survey and displays significant fluctuations in its squared visibilities. The shape of these fluctuations suggests that the circumstellar excess could be due to a point-like source rather than an extended disc. We followed-up this target with single-pupil coronagraphic imaging, which confirmed there is of a stellar companion (Mawet et al. 2011 ). While fitting a detailed binary model to our data set is beyond the scope of this paper, we note that the estimated circumstellar excess (3.25 ± 0.69%) is within 2σ from the flux ratio measured in the coronagraphic images (2.0 ± 0.5%, also at K band), which suggests that the companion is the sole responsible for the visibility drop. Due to its binary nature, we remove eps Cep from our statistical sample in Sect. 5.
Statistical analysis
Considering the above discussion, our final statistical sample consists in 40 stars (after removing kap CrB and eps Cep), of which 11 have a significant K-band excess emission (see Table 6 ), resulting in an overall occurrence rate of 28 +8 −6 %. The (asymmetric) statistical uncertainty on the occurrence rate results from a numerical integration of the binomial distribution, as described in the Appendix of Burgasser et al. (2003) . Out of these eleven excesses, we are confident that at least seven are associated with an extended circumstellar emission. The remaining four might be related to faint companions, although we argue in Sect. 4.2 that this scenario is less likely than the extended emission scenario. The nature of the extended circumstellar emission cannot be derived directly from our interferometric data. It can only be addressed by more high-angular resolution observations and by dedicated radiative transfer modelling (see e.g., Lebreton et al. 2013) . It is the purpose of the present study to attack this problem from another point of view, that is, by means of a statistical analysis. By examining the possible correlations between resolved near-infrared excesses and various stellar parameters, including the presence of outer dust reservoirs, we aim to shed new light on the origin of these excesses. We do not include the stars studied in the same way by other interferometers, such as alf PsA ) and bet Pic (Defrère et al. 2012) . Their case will be briefly discussed in Sect. 6 in light of the statistical trends found in the FLUOR sample.
In Fig. 6 , we present the K-band excess detection frequency as a function of the spectral type of the target stars. An occur- rence rate of 50 +13 −13 % is found around A-type stars, while FGKtype stars (referred to as solar-type stars in the following) have an occurrence rate of 18 +9 −5 %. The probability (or p-value) that these two samples are taken from the same population is only 0.037 based on a χ 2 test, so that this difference in occurrence rate can be considered as significant. Figure 7 shows the occurrence rate as a function of the presence of outer dust reservoirs around the target stars (to within the sensitivity of previous midto far-infrared spectro-photometric surveys). Stars harbouring outer dust reservoirs show more frequently the sign of abundant hot dust, with an occurrence rate of 33 +12 −9 % compared to 23 +11 −6 % for stars without known outer dust reservoirs. This difference is, however, not significant (p-value of 0.45 in the χ 2 test). A more instructive way to present these two results is proposed in Fig. 8 , where we separate the target stars according to both spectral type and presence of outer dust reservoirs. This figure shows that stars with outer reservoirs have similar nearinfrared excess occurrence rate regardless of their spectral type: 29 +20 −11 % for A-type stars and 36
+16
−11 % for solar-type stars. Stars without known outer dust, on the other hand, have very different behaviours with respect to K-band excess emission depending on their spectral type, with only one K-band excess found around solar-type stars (global occurrence rate of 6 +11 −2 %), while 80 +8 −25 % of A-type stars show excess emission. This difference is very significant, with an associated p-value of 5 × 10 −4 in the χ 2 test. We note, however, that only five A-type stars without outer reservoirs are present in our sample, so that this result is based on small number statistics and may not be representative of A-type stars in general. Another interesting trend found in Fig. 8 is the difference in the K-band excess occurrence rate for solar-type stars as a function of the presence of outer dust reservoirs. A p-value of 0.04 is found when comparing the K-band excess occurrence rate for the two samples, which confirms the significance of this trend.
Correlations with other stellar parameters than just spectral type and the presence of outer dust reservoirs are worth investigating. Stellar age in particular could indicate the time dependence of the K-band excesses. Figure 9 shows the absence of correlation between stellar age and K-band excess in our sample, although there is a trend for A-type stars to have larger K-band excesses at older ages. A similar trend does not seem to appear in the case of solar-type stars, for which both the youngest (ksi Boo, 280 Myr) and the oldest (tau Cet, 10 Gyr) targets show a significant K-band excess. To check whether the excesses could be associated with a particular period in the stellar evolution, we plot the measured K-band excess in Fig. 10 as a function of the evolution of the star on the main sequence, represented by the fractional age relative to the main sequence lifetime. Here again, no significant correlation is found. Finally, another interesting stellar parameter to investigate is metallicity, which is known to be correlated to the presence of high-mass extrasolar planets, but not to low-mass planets (e.g., Santos et al. 2001) . Furthermore, metallicity could be slightly correlated to the presence of cold dust (Maldonado et al. 2012) . We collected metallicities in the literature for most of our stars 4 , using the catalogues of Soubiran et al. (2010) and Gray et al. (2003 Gray et al. ( , 2006 . The result is shown in Fig. 11 and suggests there is no correlation.
Discussion
In this section, we discuss the implications of the statistical trends found above on the nature and origin of the detected K-O. Absil et al.: A near-infrared interferometric survey of debris disc stars Fig. 9 . Measured K-band disc/star flux ratio as a function of the age of the target stars. The error bars on the ages are generally huge and have been omitted for the sake of clarity. Triangles (resp. squares) are used for A-type (resp. solar-type) stars. Blue (resp. black) symbols are used for stars with (resp. without) significant K-band excess. band excesses. Because A-type and solar-type stars show significantly different behaviour in terms of correlation between cold dust and K-band excess, they are discussed separately.
Solar-type stars
In the case of solar-type stars, we found in Sect. 5 a significant correlation between the detection of a K-band excess and the presence of outer dust reservoir(s). This correlation suggests that K-band excesses could indeed come from debris dust and that they could be directly connected to massive outer reservoirs of dust and planetesimals. Among the five solar-type stars showing significant K-band excess, only ksi Boo has no detectable outer debris disc, at the sensitivity level of Spitzer/MIPS and Herschel/PACS. This star is the only "young" solar-type star in our sample, with an estimated age of 280 Myr (Gáspár et al. 2013) . Its peculiar behaviour compared to the rest of the solar-type sample might therefore be related to its evolutionary status, although such an assertion needs to be backed up with more observations of young solar-type stars. Among the other four solar-type stars with K-band excess, only eta Lep has a spectro-photometric excess detected at both mid-and far-infrared wavelengths, while the other three only show a far-infrared excess. The outer dust reservoirs that we are facing here are thus generally located far from the inner regions where the K-band excesses originate. Recall that the FLUOR field-of-view is only 0 . 8 in radius, which translates to 8 AU for a star at 10 pc.
To investigate the inner/outer disc correlation further, we plot in Fig. 12 the measured K-band excesses as a function of the fractional luminosity of the outer dust for our solar-type stars. This figure suggests that the level of K-band emission is not directly related to the amount of dust present in the outer reservoir (provided that outer dust is present of course). This lack of a direct correlation between the luminosity levels of outer and inner dust discs might be real, or could be because the actual fractional luminosity of cold dust around stars with no detected far-infrared excess is much lower than the 3σ upper limits derived from farinfrared observations. In Fig. 12 , we note another intriguing trend, that stars with mid-infrared spectro-photometric excesses have less frequently significant K-band excesses. Indeed, three of the six stars featuring only a far-infrared excess emission (i.e., 50 ± 18%) show a K-band excess, while only one star out of five showing mid-infrared excess (i.e., 20 +25 −8 %) has a K-band excess. While this trend is far from significant due to the small number statistics, it could indicate that the K-band and mid-infrared excesses are actually two different manifestations of a common phenomenon, which relates to the outer dust reservoir. The correlation between the presence of mid-infrared and far-infrared excess was indeed demonstrated by Bryden et al. (2009) , with 2/13 far-infrared excess stars showing a mid-infrared excess, while only 1/133 stars without far-infrared excess show a midinfrared excess. If real, the trend for a mutual exclusion between near-and mid-infrared excess could be related to the architecture of the inner planetary system, with planets trapping dust and preventing it from going closer to the star in some cases (e.g., eps Eri, HD 69830). It is, however, premature to draw any conclusion on this matter.
Notwithstanding, the correlation between the presence of outer and inner discs remains, and its origin must be investigated. A possibility would be that the presence of inner parent body populations correlates with the presence of outer parent body populations. However, because of the very short lifetime of parent populations at orbital distances of a few AUs, the detected K-band excesses cannot be due to the in-situ steady-state evolution of an asteroid belt (Wyatt et al. 2007 ). Two main possibilities then remain: (i) a transient local event, or (ii) an inward transport of material from the outer disc.
Witnessing the aftermath of (supposedly rare) major collisions between large planetesimals for 5 out of 28 surveyed solartype stars would be a likely scenario only if the associated Kband emission level remains high during a significant fraction of the stellar age, i.e., at least hundreds of Myr. According to Jackson & Wyatt (2012) , the mid-infrared emission level associated with the Moon-forming collision would remain detectable at most for a few tens of Myr. We expect that the same would hold true for the K-band excess in case of a collision happening closer to the star (so that the dust can be heated up to an appropriate temperature to produce significant K-band emission). Furthermore, such collisions are only expected to happen during the final stages of terrestrial planet formation, that is, at ages of a few hundred Myr at most, which is at odds with the ages of most solar-type stars in our survey. This scenario is therefore deemed unlikely.
Transport mechanisms from the outer towards the inner disc have already been discussed by Bonsor et al. (2012) . The authors show that scattering by a chain of tightly packed, lowmass planets could potentially produce a sufficient dust replenishment rate to retain the K-band excess at the observed level of around 1%. However, this scenario only works for young systems, and the lack of time dependence seen in our survey is a critical piece of evidence against this scenario (although it could potentially be at work for younger systems). Furthermore, the likelihood of having such a tightly packed planetary system around 5 of the 28 surveyed solar-type stars is not considered as very high, since radial velocity measurements have only (tentatively) detected planets around one of these five stars (tau Cet, Tuomi et al. 2013 ). Besides scattering, major dynamical instabilities akin to the solar system's Late Heavy Bombardment may also be responsible for the presence of large amounts of dust in the innermost regions. Based on N-body simulations, Bonsor & Raymond (2013) conclude, however, that such dynamical instabilities occur too rarely and that their aftermath does not last long enough to be a probable explanation for the large fraction of bright exozodiacal discs observed within the present survey.
Because none of these two production scenarios seem sufficient to explain the amount of dust in the detected exozodiacal discs, we propose that dust trapping mechanisms could be at work in the innermost parts of the planetary systems. Some possible trapping mechanisms acting close to the sublimation radius are the following: (i) the pile-up of grains due to the interplay among sublimation, Poynting-Robertson drag, and radiation pressure (Kobayashi et al. 2009 ); (ii) the trapping of charged nano-grains in the stellar magnetic field (Czechowski & Mann 2010) ; (iii) the resonant trapping by a planet, although the presence of short-period planets is unlikely for four of the five systems based on radial velocity measurements. Such trapping mechanisms could work in concert with both production mechanisms (major collision or transport).
A-type stars
In Paper II and Mennesson et al. (2013) , we discussed the various possible origins for a K-band excess around A-type stars, and concluded that circumstellar dust is much more plausible than photosphere-related effects. The absence of correlation between the presence of K-band excesses and outer dust reservoirs urges us to reconsider all possibilities. In Fig. 13 , we plot the measured K-band excesses as a function of the fractional luminosity of dust in the outer reservoir for the A-type stars. This figure suggests a possible anti-correlation between these two quantities, which is in line with the high K-band excess occurrence rate for A-type stars without cold dust reservoirs revealed in Fig. 8 . This correlation, which suggests that the presence of outer dust reservoirs could prevent the formation of bright exozodiacal discs in the case of A-type stars, is, however, not significant (p-value of 0.08 when comparing the two populations) and will therefore not be considered as a valuable clue in our investigation of the origin of near-infrared excesses.
To investigate whether the measured K-band excesses could be related to mass loss, we plot their level in Fig. 14 as a function of the fractional angular velocity ω of the A-type stars relative to their break-up velocity. The fractional angular velocity is computed as in the Appendix of Owocki et al. (1994) , taking the photospheric inclination to the line-of-sight into account when available. When no information is available on the inclination, we compute a lower limit on ω by assuming the star to be seen equator-on, except in the cases where a debris disc has been resolved by direct imaging. In the latter case, we assume that the disc and star spin axes are aligned, as suggested by Le Bouquin et al. (2009), Watson et al. (2011) , and J. Greaves et al. (in prep.) . Figure 14 suggests that the K-band excess level correlates with ω. In particular, three of the four stars with fractional angular velocity higher than 0.9 feature a K-band excess. Furthermore, these three stars (zet Aql, alf Aql and alf Cep) do not have a detected cold dust reservoir, which reinforces a possible photospheric origin of the excess. The correlation found here is, however, subject to the fact that only lower limits on ω are available for most stars. It could turn out that many of them rotate close to the break-up velocity, and the correlation would then disappear. We also note that rapid rotators do not all have a K-band excess, gam Oph (ω = 0.97, assuming the photosphere to have a 40
• inclination as the disc) being the most striking example.
To be a plausible origin for the detected K-band excess, mass loss from rapidly rotating stars should be fully resolved by our ∼ 30-m baseline, which translates into an angular radius of at least 8 mas at K band. This corresponds to linear distances of about 5, 10, and 18 stellar radii in the cases of alf Aql, alf Cep and zet Aql, respectively, while theory predicts the nearinfrared emission associated with winds from hot stars to originate mostly in a region < 1.5R (Lamers & Cassinelli 1999) . Furthermore, we discussed in Paper II that the mass-loss rates associated with A-type stars are generally very low and should not give birth to significant near-infrared emission. The possibility that some of the detected K-band excesses are actually associated with mass loss from the photosphere should, however, be investigated further, using for instance spectro-interferometric observations at wavelengths corresponding to expected winds emission/absorption lines.
Finally, we note that two other A-type stars have been observed on other interferometers with the same aim and using the same strategy: alf PsA on VLTI/VINCI ) and bet Pic on VLTI/PIONIER (Defrère et al. 2012 ). Both have a K-band and a far-infrared excess. Including them in our sample would have increased the occurrence rate of K-band excesses for stars with known cold dust, to 44 +16 −14 %. This occurrence rate would then be slightly higher than for dusty solar-type stars, but the discussion given above would remain the same.
Sensitivity of FLUOR and comparison with other studies
Excluding eps Cep from Table 4 , the median error bar on the disc/star flux ratio measured by CHARA/FLUOR at K band is 0.27%, which results in a median 3σ sensitivity of about 0.8%. This figure has to be compared to the K-band excess that would be measured when looking at our Sun from outside the solar system, which amounts to 2.2 × 10 −6 using the Kelsall et al. (1998) empirical model for the zodiacal cloud implemented in the ZODIPIC package. 5 The typical 3σ sensitivity limit of our CHARA/FLUOR observations would then be equivalent to about 3600 times the density of the solar zodiacal disc. The excess associated with such a bright exozodiacal disc at a wavelength of 10 µm would amount to almost 20% of the photospheric flux, which would be readily detected by midinfrared spectro-photometry (see e.g. Schütz et al. 2009; Lawler et al. 2009; Morales et al. 2009 ). Although accurate mid-infrared spectro-photometry is not available for all our sources, the general absence of large excess at 10 µm suggests that the discs detected by FLUOR are significantly different from the solar zodiacal disc, with much higher dust temperatures. This conclusion has already been made by various authors based on a more thorough modelling of exozodiacal discs using multi-colour interferometric observations (Absil et al. 2006; Akeson et al. 2009; Defrère et al. 2011 Defrère et al. , 2012 Mennesson et al. 2013; Lebreton et al. 2013) .
The most comprehensive interferometric survey of exozodiacal dust to date was performed by Millan-Gabet et al. (2011) using the Keck Interferometer Nuller (KIN) in the mid-infrared domain. With an angular resolution λ/2B = 10 mas and a fieldof-view radius of about 0 . 5, the KIN probes circumstellar dust on spatial scales similar to our survey. While the KIN sensitivity level is about eight times better than in our survey in terms of equivalent zodiacal dust density (average individual uncertainty of 160 zodis compared to 1200 zodis in our case), the excess detection rate in the KIN survey was much lower than in ours, with an overall detection rate of 3/25 (12 +9 −4 %), taking two marginal detections into account. This figure must be compared to the overall occurrence rate of 28 +8 −6 % found in the present study. Among the 25 stars observed by Millan-Gabet et al. (2011) , 11 have also been observed with CHARA/FLUOR. One of these eleven stars shows a significant mid-infrared excess in KIN data (eta Crv), and two other show a marginal excess (gam Oph, alf Aql). Out of the same eleven stars, only one shows a significant K-band excess (alf Aql). The difference in detection rates between the KIN and CHARA/FLUOR surveys could therefore be entirely due to the particular choice of targets, with only two A-type stars in the KIN sample for instance. That Millan-Gabet et al. (2011) did not specifically focus on stars with outer dust reservoirs may also explain the discrepancy in excess occurrence rate. We leave it to a future study, including new KIN observations, to investigate the correlation between near-infrared and mid-infrared resolved circumstellar excesses (B. Mennesson et al., in prep.) .
Other interferometric studies have specifically targeted exozodiacal discs in the mid-infrared, using the VLTI/MIDI instrument. Smith et al. (2009) obtained the first mid-infrared interfer-ometric detection of exozodiacal dust around HD 69830 and eta Crv. These two stars were already known to possess a large midinfrared excess from spectro-photometric measurements. Smith et al. (2012) then resolved the dust located in the terrestrial planet forming region of two young main sequence stars (HD 113766 and HD 172555) with the same instrument. The typical error bar on individual visibility measurements is around 5% in these observations, which would give a typical 3σ sensitivity of a few percent on the disc/star flux ratio after averaging five to ten independent visibility measurements. This would correspond to a few hundred zodi of dust around a solar-type star, which falls in the same ballpark as the KIN sensitivity. We note that both HD 69830 and eta Crv were observed within the present study, without any sign of K-band excess. This emphasises, once again, that prominent near-infrared and mid-infrared excesses are not necessarily associated.
Besides interferometric studies, spectro-photometric surveys for exozodiacal dust have also been performed from the ground and from space. The most sensitive search around solartype stars was performed by Lawler et al. (2009) using the Spitzer/IRS mid-infrared spectrograph. At a 3σ sensitivity level of about 1000 times the level of the zodiacal emission in the short IRS wavelength band (8.5-12 µm), the authors found a success rate for excesses of about 1%. This occurrence rate, recently confirmed by WISE mid-infrared photometry (Morales et al. 2012; Padgett et al. 2013) , is in stark contrast to the present study, and points again to a non-solar system morphology for the exozodiacal discs detected at K band.
It is also interesting to compare the results of our study with the occurrence rate of cold dust belts found with Spitzer or Herschel far-infrared photometry. In the case of solar-type stars, the Herschel far-infrared excess frequency is of 20.2% ± 2% for an unbiased sample (Eiroa et al. 2013 ). This frequency cannot be directly compared with the occurrence rate of 18 +9 −5 % found around solar-type stars in our survey, because of the bias in our sample. However, if we discard the "young" solar-type star ksi Boo from our sample and accept that the presence of bright exozodiacal discs around mature solar-type stars is directly related to the presence of cold dust populations, we could tentatively de-bias our result based on the Herschel occurrence rate. Making the further (very tentative) assumption that faint cold dust populations not detectable by Herschel cannot be at the origin of detectable exozodiacal emission at K band, this would yield an unbiased occurrence rate of about 8% for bright exozodiacal discs around solar-type stars. This rate is still much higher than what was found in mid-infrared spectro-photometric surveys. In the case of A-type stars, the Spitzer far-infrared excess rate of about 32% (Su et al. 2006 ) is lower than the 50% ± 13% found in our sample, but here again a direct comparison is not possible due to the biases in our sample.
Conclusions
We have conducted a survey using the FLUOR interferometer at the CHARA array to search for resolved near-infrared emission at sub-percent-level accuracy around a sample of 42 stars. About half of our targets were chosen based on the presence of "outer" dust populations at separations larger than a few AU. A significant K-band excess was found around 13 of these 42 stars. Since the presence of a faint companion within the 0 . 8 field-of-view of FLUOR cannot be ruled out from our interferometric observations, we used ancillary data to show that the excess is associated with an extended source in most cases. We argued that hot circumstellar dust is the most likely source for these near-infrared excesses. Only one star (eps Cep) showed clear signs of binarity in the measured visibilities. The binarity of this source was confirmed by coronagraphic observations (Mawet et al. 2011) , and the star was therefore removed from our statistical sample. Considering the fact that one of our targets turned out to be a giant (kap CrB), we are left with 11 excesses out 40 single main sequence stars, i.e., an occurrence rate of 28 +8 −6 %. The typical 1σ error bar on the measured disc/star flux ratio in our sample is 0.27%, which for solar-type stars gives a typical 3σ sensitivity of about 3600 times the density of the solar zodiacal cloud (i.e., 3600 zodi). At this sensitivity level, we found significantly more resolved excesses in the near-infrared than was found in the mid-infrared by Millan-Gabet et al. (2011) with eight times better sensitivity in terms of zodi. This suggests that the detected dust discs have a morphology that is very different from the solar zodiacal cloud, a conclusion that has already been reached by several authors based on radiative transfer modelling of these resolved exozodiacal discs.
An investigation of the near-infrared excess occurrence rate as a function of stellar properties brings two interesting correlations to light: (i) A-type stars show significantly more positive detections than solar-type (F,G,K) stars, and (ii) the presence of a near-infrared excess correlates with the presence of outer dust reservoir(s) in the case of solar-type stars. We suggested a few possible scenarios where the inner dust content of planetary systems around solar-type stars could be directly related to outer reservoir(s). Conversely, the origin of inner dust around A-type stars remains mysterious, although we showed a possible correlation with the rotational velocity, which may hint at mass-loss effects. Enlarging the stellar sample is required to confirm these statistical trends. This will be the subject of future papers exploiting the capabilities of the VLTI/PIONIER interferometer in the Southern hemisphere and of a refurbished version of FLUOR at the CHARA array.
